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(57) A zero voltage detection device may include a
voltage divider that scales down a first voltage to a
second voltage, a comparator that compare the second
voltage to one or more voltage thresholds and outputs a
first set of signals indicative of an estimation of the first
voltage approaching a zero-voltage instant, the one or
more voltage thresholds configured to compensate for a
time delay from the voltage divider, a flip flop that obtains

the first set of signals and outputs a second set of signals
to control a switchingoperationof a switchingdevice, and
a control system that obtains the second set of signals
during a defined time window and that forces the switch-
ing device to turn on at an end of the defined timewindow
if the second set of signals is not detected to limit turn-on
losses.
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Description

FIELD

[0001] The present disclosure relates to the field of
inverters. More particularly, to systems and methods
for zero-voltage detection in soft-switching inverters.

BACKGROUND

[0002] Conventional inverters provideAC voltage from
DC power sources. For example, an uninterruptible
power supply or an adjustable speed drive may include
an inverter therein to supply AC voltage from a power
source. To synthetize the AC voltage, inverters use a
pulsewidthmodulation (PWM) technique that consists of
switching the power semiconductors devices ON and
OFF at a certain switching frequency. To enable opera-
tion at high switching frequencieswith high efficiency, the
inverter can resort to a soft-switching techniquebasedon
switching the semiconductors devices to turn on or off
when the voltage across the semiconductor is zero volts.

SUMMARY

[0003] Soft-switching devices typically utilize an aux-
iliary circuit to provide zero voltage switching during
commutation events. Auxiliary circuits may reduce
switching losses compared to conventional inverters
by enabling zero-voltage switching (ZVS) during each
switching cycle. To enable proper ZVS turn-on, estima-
tion of the instant when the voltage across the main
switching device reaches zero must be determined.
[0004] Conventional approaches perform zero-vol-
tage detection ("ZVD") by calculating the approximate
time the voltage will reach the zero-volt instant based on
one or more parameters observed at the inverter. How-
ever, this conventional approach is sensitive to para-
meter deviations, temperature, andother variableswhich
may negatively affect ZVD. Other conventional ap-
proaches may utilize an auxiliary circuit to perform the
ZVD. However, accurately detecting the zero-volt instant
can be challenging due to the fast switching frequencies
required by the inverter and the sensitivity of the auxiliary
circuit to noise. Specifically, conventional auxiliary cir-
cuits perform the ZVD by scaling down the voltage from
the inverter, which amplifies the impact of noise in the
auxiliary circuit and can cause false detection of the zero-
volt instant. Additionally, although a common solution
may be to introduce a noise filter into the auxiliary circuit,
this proposed solution induces a delay which can lead to
higher turn-on losses and may cause electromagnetic
interference. The delay and the noise in the auxiliary
circuit can result in missed zero-volt instants, which will
stop the commutation process at the inverter due to not
receiving the ZVD signal from the auxiliary circuit.
[0005] In some embodiments, a device for performing
zero voltage detection (ZVD) includes a voltage divider,

the voltage divider is configured to scale down a first
voltage to a second voltage, a comparator, the compara-
tor compares the second voltage to one or more voltage
thresholds and outputs a first set of signals indicative of
an estimation of the first voltage approaching a zero-
voltage instant, the one or more voltage thresholds con-
figured to compensate for a time delay from the voltage
divider, a flip flop, the flip flop is configured to obtain the
first set of signals and output a second set of signals to
control a switching operation of a switching device, and a
control system, the control system is configured to obtain
the second set of signals during a defined time window,
and the control system forces the switching device to turn
on at an end of the defined time window if the second set
of signals is not detected to limit turn-on losses.
[0006] In some embodiments, the voltage divider in-
cludes a resistive divider including one or more resistors
connected in series, and a capacitive divider including
one or more capacitors connected in series, each capa-
citor of theoneormore capacitors is connected in parallel
to each resistor of the one or more resistors.
[0007] In some embodiments, the resistive divider de-
fines the second voltage during a steady-state operation,
the capacitivedivider defines the secondvoltageduringa
voltage transition, and a voltage ratio of the resistive
divider is substantially equal to the voltage ratio of the
capacitive divider.
[0008] In some embodiments, the device further in-
cludes a damping resistor, the damping resistor is con-
figured to reduce electromagnetic noise at the device to
reduce turn-on losses.
[0009] In some embodiments, the one or more voltage
thresholds includes a first voltage threshold, and a sec-
ond voltage threshold.
[0010] In someembodiments, thecomparator includes
a first comparator, the first comparator generates a first
signal as output based on a comparison between the
second voltage and the first voltage threshold, and a
second comparator, the second comparator generates
a second signal as output based on a comparison be-
tween the second voltageand the second voltage thresh-
old, the first set of signals includes the first signal and the
second signal and is representative of an estimation of
the zero-volt instant.
[0011] In some embodiments, the flip flop includes a
first logic gate device, anda second logic gate device, the
output of the first logic gate device and the second logic
gatedevice is connected toan inputof theotherof thefirst
logic gate device and the second logic gate device.
[0012] In some embodiments, the control system ob-
tains the second set of signals and controls the cycling of
the switching device on/off.
[0013] In some embodiments, the first set of signals is
immune to electrical noise in the second voltage.
[0014] In some embodiments, a system including one
ormore switching devices, a ZVDdevice associatedwith
each switching device including a voltage divider includ-
ing a resistive divider including one or more resistors
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connected in series, and a capacitive divider including
one or more capacitors connected in series, the voltage
divider scales down a first voltage to a second voltage, a
comparator, the comparator compares the second vol-
tage tooneormore voltage thresholdsdeterminedbased
on an expected zero-voltage instant and the comparator
outputs a first set of signals indicative of an estimation of
the second voltage approaching a zero-voltage instant to
compensate for a timedelay from the voltage divider, and
a flip flop, the flip flop obtains the first set of signals and
outputs a second set of signals to control a switching
operation of the corresponding switching device, and a
control system, the control system is configured to obtain
the second set of signals during a defined time window,
and the control system forces the switching device to turn
on at an end of the defined time window if the second set
of signals is not detected to limit turn-on losses.
[0015] In some embodiments, the system further in-
cludes a damping resistor, the damping resistor is con-
figured to reduce electromagnetic noise at the device to
reduce turn-on losses.
[0016] In some embodiments, each capacitor of the
one or more capacitors is connected in parallel to each
resistor of the one or more resistors, the resistive divider
defines the second voltage during a steady-state opera-
tion and the capacitive divider defines the second voltage
during a voltage transition, and a voltage ratio of the
resistive divider is substantially equal to the voltage ratio
of the capacitive divider.
[0017] In someembodiments, thecomparator includes
a first comparator, the first comparator compares the
second voltage to a first voltage threshold and generates
a first ZVD signal as output representative of an estima-
tion of the zero-voltage instant of the second voltage, and
a second comparator, the second comparator compares
the second voltage to a second voltage threshold and
generates a second ZVD signal as output representative
of the estimation of the zero-voltage instant of the second
voltage, the one or more voltage thresholds includes the
first voltage threshold and the second voltage threshold.
[0018] In some embodiments, the flip flop includes a
first logic gate device, a second logic gate device, and the
output of the first logic gate device and the second logic
gatedevice is connected toan inputof theotherof thefirst
logic gate device and the second logic gate device, the
second set of signals is configured to cycle the switching
device on/off based on the first set of signals.
[0019] In some embodiments, the control system ob-
tains the second set of signals and controls the cycling of
the switching device on/off.
[0020] In some embodiments, the first set of signals is
immune to electrical noise in the second voltage.
[0021] In some embodiments, a method includes ob-
taining, by a zero voltage detection (ZVD) device, a first
voltage applied to a switching device as input, scaling
down, by the ZVD device, the first voltage to a second
voltage within a time delay, comparing, by the ZVD
device, the secondvoltage tooneormore voltage thresh-

olds and generating a first set of signals as output in-
dicative of anestimationof the first voltageapproachinga
zero-volt instant, generating, by the ZVD device, a sec-
ond set of signals as output to cycle the switching device
on/off based on the first set of signals, and forcing, by the
ZVD device, the switching device to turn on if the second
set of signals is not detected at an end of a defined time
window to limit turn-on losses, the one or more voltage
thresholds are configured to compensate for the time
delay.
[0022] In some embodiments, the method further in-
cludes damping, by the ZVD device, the first voltage to
reduce electromagnetic noise in the first voltage and to
reduce turn-on losses at the ZVD device.
[0023] In some embodiments, comparing the second
voltage to the one or more voltage thresholds and gen-
erating the first set of signals as output further includes
comparing, by a first comparator, the second voltage to a
first voltage threshold and generating a first signal as
output, comparing, by a second comparator, the second
voltage to a second voltage threshold and generating a
second signal as output, and the one or more voltage
thresholds includes the first voltage threshold and the
second voltage threshold, the second set of signals out-
put by the ZVD device is based on the first signal and the
second signal.
[0024] In some embodiments, generating the second
set of signals as output to cycle the switching device
on/off based on the first set of signals further includes
obtaining, at a first logic gate device, the first signal as
input, obtaining, at a second logic gate device, the sec-
ond signal as input, and obtaining, by a control system,
the secondset of signals asoutput from thefirst logic gate
device and controlling a cycling of the switching device
on/off based on the second set of signals, the output of
the first logic gate device further includes the other input
to the second logic gate device, and the output of the
second logic gate device includes the other input to the
first logic gate device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Someembodimentsof thedisclosureareherein
described, by way of example only, with reference to the
accompanying drawings. With specific reference now to
the drawings in detail, it is stressed that the embodiments
shown are by way of example and for purposes of illus-
trative discussion of embodiments of the disclosure. In
this regard, the description taken with the drawings
makes apparent to those skilled in the art how embodi-
ments of the disclosure may be practiced.

FIG. 1 illustrates a schematic diagram of a non-limit-
ing example of a system, according to some embo-
diments.
FIG. 2 is a block diagram illustrating a non-limiting
example of the system of FIG. 1, according to some
embodiments.
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FIG. 3 is a block diagram illustrating another non-
limiting example of the system, according to some
embodiments.
FIG. 4 is a schematic diagram illustrating a non-
limiting example embodiment of a portion of the
system from FIG. 1, according to some embodi-
ments.
FIG. 5 illustrates a graphical representation of an
operation of the system, according to some embodi-
ments.
FIG. 6 illustrates a second graphical representation
of a non-limiting example of the system that facil-
itates the zero voltage detection, according to some
embodiments.
FIG. 7 illustrates a flowdiagramof amethod, accord-
ing to some embodiments.

DETAILED DESCRIPTION

[0026] Among those benefits and improvements that
have been disclosed, other objects and advantages of
this disclosure will become apparent from the following
description taken in conjunction with the accompanying
figures. Detailed embodiments of the present disclosure
are disclosed herein; however, it is to be understood that
the disclosed embodiments are merely illustrative of the
disclosure that may be embodied in various forms. In
addition, each of the examples given regarding the var-
iousembodimentsof thedisclosurewhichare intended to
be illustrative, and not restrictive.
[0027] Various embodiments of the present disclosure
relate to systems, devices, and methods for an auxiliary
circuit capable of performing zero-voltage detection
("ZVD") in soft-switching circuits. The auxiliary circuit
may also be known as an auxiliary resonant commutated
pole ("ARCP") inverter system. The auxiliary circuit may
include one or more ZVD systems or devices configured
to obtain an electrical current signal directed to a switch-
ing device in the ARCP inverter system andmay perform
operations including performing ZVD based on the mea-
sured electrical current signal at the switching device.
The ZVD system may obtain the electrical current signal
and may output a gate signal to operate the switching
device in a zero-voltage switching ("ZVS") mode as a
result of performing the ZVD operations. In this regard,
theZVDsystemof thepresent disclosuremaybecapable
of controlling a switching operation of the respective
switching device in the ARCP inverter system while
enabling high switching frequencies. The ZVD system
may also include one or more electrical components
therein configured to provide improved noise immunity
with reduced ZVD circuit loss in transition to minimize
circuit delay and provide improved tolerances to missed
zero-volt instants to limit turn-on losses.
[0028] FIG. 1 illustrates a schematic diagram of a non-
limiting example of a system 100, according to some
embodiments.
[0029] The system 100 is an ARCP inverter system

including an inverter leg 102. The system 100 and in-
verter leg 102 may be capable of being utilized in a
plurality of applications requiring high frequency switch-
ing operations. The inverter leg 102maybea soft-switch-
ing inverter and includes switching device 106 a and
switching device 106 b connected in series across in-
verter leg 102 (e.g., across a bus of inverter leg 102).
Switching device 106 a and switching device 106 b may
hereinafter be collectively referred to as switching device
106. The system 100 also includes a zero voltage detec-
tion (ZVD) device 108 associated with each respective
oneof the switching device 106. The inverter leg 102may
also include a resonant circuit 104 (e.g., L-C resonance
circuit).
[0030] The system 100may include ZVD device 108 a
connected to inverter leg 102 at switching device 106 a,
and ZVD device 108 b connected to inverter leg 102 at
switching device 106 b. ZVD device 108 a and ZVD
device 108 b may hereinafter be collectively referred to
as ZVD devices 108. The ZVD devices 108 may be
electrically connected with the inverter leg 102 adjacent
a respective switchingdevice 106 tomeasure the voltage
(e.g., first voltage) going to the switching device 106.
Additionally, each ZVD device 108 may be in electrical
connection with the respective switching device 106 to
control the switching operations of the switching device
106, e.g., controlling the switching device 106 turning on
and off in response to gate control signals provided as
output by the ZVD device 108 based on the voltage
measured at the inverter leg 102.
[0031] In someembodiments, theZVDdevice108may
be electrically connected to inverter leg 102 at a cathode
of the switching device 106 to measure the electrical
current at the respective switching device 106 and to
perform the ZVD based on the measured electrical cur-
rent signal. In some embodiments, the ZVD device 108
may calculate the voltage at the cathode of the ZVD
device 108 based on the measure electrical current.
Based on the voltagemeasured at the respective switch-
ingdevice106, and in response toestimatingaZVI for the
voltage, theZVDdevice108mayproduceasecondset of
signals as output. In some embodiments, the second set
of signals may be gate control signals, and the gate
control signals may be sent to the gate of the switching
device 106 to cycle the switching device 106 on or off. In
some embodiments, the ZVD device 108 may also be
connected to a gate of the respective switching device
106 to cause the switching device 106 to cycle on or off
based on the voltage measured at the cathode of the
switching device 106.
[0032] The ZVD devices 108 enable the inverter leg
102 and switching devices 106 to perform high switching
frequency operations. In this regard, each ZVD device
108 obtains the measured electrical current signal from
the inverter leg 102 at the respective switching device
106 and controls the switching operation of the respec-
tive switching device 106 based on estimating when the
voltage determined based on the electrical current is
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approaching a zero-voltage instant, as will be further
described herein. The ZVD device 108 estimates the
zero-voltage instant by obtaining the voltage from inver-
ter leg 102 at the switching device 106, scaling down the
voltage to a second voltage, comparing the second vol-
tage to one or more voltage thresholds and generating a
first set of signals (ZVD signals) as output indicative of an
estimationof thevoltageat the inverter leg102approach-
ing the zero-voltage instant, and generating, based on
the first set of signals, a second set of signals (gate
control signals) as output by the ZVD device 108 config-
ured to cause the switching device 106 to turn on/off to
avoid missing the zero-voltage instant.
[0033] Switching device 106 may be a solid-state
switching device (SSSD) capable of high switching fre-
quency operations, according to some embodiments. In
some embodiments, the switching device 106 may be a
bi-directional switching device 106. The bi-directional
switching device 106 may include, but is not limited to,
insulated gate bipolar transistors (IGBTs), metal oxide
silicon field effect transistors (MOSFETs), bipolar junc-
tion transistors (BJTs), junction-gate field effect transis-
tors (JFETs), other semiconductor devices, or any com-
binations thereof, according to some embodiments. In
some embodiments, the switching device 106 may be
IGBTs. In other embodiments, the switching device 106
may be SiC MOSFETs. It is to be appreciated by those
having ordinary skill in the art that the type of SSSDof the
switching device 106 is not intended to be limiting and
may include any of a plurality of SSSDs in accordance
with the present disclosure.
[0034] The inverter leg 102 may include switching
device 110 a and switching device 110 b, according to
some embodiments. The switching device 110 a and
switching device 110 b may be connected in an anti-
series configuration at resonant circuit 104. In some
embodiments, switching device 110 a and switching
device 110 b may be located between inductor 182
and node 184 connecting the anode of the switching
device 106 a to the cathode of switching device 106 b.
In another embodiment, switching device 110 may be
located between inductor 182 and node 186 and the
inductor 182 located between the node 184 and the
switching device 110.
[0035] The inverter leg 102 may include one or more
other electrical circuits and/or components that enables
the inverter leg 102 to perform operations in accordance
with the present disclosure. It is to be appreciated by
those having ordinary skill in the art that the inverter leg
102asdescribed in thepresent disclosure is not intended
to be limiting and the inverter leg 102 may include other
components not described herein to enable the inverter
leg 102 to perform fast frequency switching operations.
[0036] FIG. 2 is a block diagram illustrating a non-
limiting example of the system 100 of FIG. 1, according
to someembodiments. TheZVDdevice108 iselectrically
connected with inverter leg 102 and control system 112.
In some embodiments, the ZVD device 108 is electrically

connected to the inverter leg 102 at a cathode of a
switching device 106 of inverter leg 102. The ZVD device
108 includes voltage divider 114, comparator circuit 116,
and flip flop circuit 118. The ZVDdevice 108 performs the
ZVD based on obtaining an electrical voltage, V1, mea-
sured at a switching device 106 of inverter leg 102 and
generating a set of signals (e.g., gate control signals) as
output configured to control a switching operation of the
switching device 106 based on the voltage.
[0037] In this regard, based on the voltage measured
by the ZVD device 108 at switching device 106 ap-
proaches a zero-voltage instant, the ZVD device 108
may output a turn-on signal (e.g., gate signals) to cause
the switching device 106 to cycle on, thereby facilitating
the switching device 106 from missing the zero-voltage
instant of the voltage of the inverter leg 102 at the switch-
ing device 106 and enabling the inverter leg 102 to per-
form the high frequency switching operations using the
switching devices 106.
[0038] The ZVD device 108 includes the voltage divi-
der 114. The voltage divider 114 obtains the voltage (e.g.,
a first voltage) from inverter leg 102 and scales down the
voltage and outputs a second voltage. In some embodi-
ments, the voltage may be a voltage obtained at a cath-
ode of a respective switching device 106 of inverter leg
102. As a result of scaling down the voltage from inverter
leg 102 to the second voltage, the flip flop 118 may
introduce a time delay at the second voltage that lags
behind the voltage from inverter leg 102.
[0039] The ZVD device 108 includes the comparator
circuit 116. The comparator circuit 116 compares the
second voltage from the voltage divider 114 to one or
more voltage threshold values and outputs a first set of
signals (e.g., ZVD signals). The one or more voltage
thresholds are configured to compensate for the time
delay caused by the voltage divider 114 scaling down
the voltage from inverter leg 102 to the second voltage. In
this regard, the comparator circuit 116 compares the
second voltage to the one or more voltage thresholds
instead of an expected voltage threshold to account for
the time delay caused as a result of scaling down the
voltage to the second voltage using the voltage divider
114. Based on the comparison, the comparator circuit
116emits the first set of signals indicativeof the voltageat
the inverter leg 102 and the switching device 106 ap-
proaching the zero-voltage instant.
[0040] The comparator circuit 116 obtains the second
voltage from voltage divider 114 and compares the sec-
ond voltage to one or more voltage thresholds and gen-
erates the first set of signals as output. The first set of
signals output by the comparator circuit 116 is an estima-
tion by theZVDdevice 108 that the voltage obtained from
inverter leg 102 is approaching a zero-voltage instant,
and which accounts for the time delay of the voltage
divider 114 as a result of scaling down the first voltage
to the second voltage. In addition, the first set of signals
output by comparator circuit 116 is highly immune to
noise that may be affecting the second voltage. This
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enables the ZVD device 108 to estimate the zero-voltage
instant at inverter leg 102, and based on the estimation,
the ZVD device 108 controls the cycling of the switching
device 106 on/off at an optimal voltage threshold which
accounts for the time delay from the voltage divider 114.
[0041] The ZVD device 108 includes the flip flop 118.
The flip flop 118 obtains the first set of signals (e.g., ZVD
signals) from comparator circuit 116 and generates a
second set of signals (e.g., gate control signals) as output
basedon thecomparisonof thesecondvoltage to theone
or more voltage thresholds. Based on the first set of
signals, whichmay be indicative of the voltage approach-
ing the zero-voltage instant and whichmay be generated
based on a comparison of the second voltage relative to
the one or more voltage thresholds, the flip flop 118
outputs the second set of signals to cycle the switching
device 106 in inverter leg 102 to turn on or off. In some
embodiments, the flip flop circuit 118 may be a set reset
(S-R) flip flop circuit.
[0042] FIG. 3 is a block diagram illustrating another
non-limiting example of the system 100, according to
some embodiments.
[0043] The ZVD device 108 may be in electrical con-
nection with a switching device 106 in inverter leg 102. In
someembodiments, the inverter leg102may includeone
or more of switching device 106, and system 100 may
includeaZVDdevice 108 for eachof the switchingdevice
106 in inverter leg 102. According to someembodiments,
the ZVD device 108 may include control system 112,
voltage divider 114, comparator circuit 116, flip flop 118,
and a damping circuit 120. It is to be appreciated by those
having skill in the art that theZVDdevice 108may include
one or more components including, but not limited to, the
control system 112, voltage divider 114, comparator cir-
cuit 116, flip flop 118, damping circuit 120, other compo-
nents and/or circuits, or any combinations thereof. It is to
beappreciatedby thosehavingskill in theart that theZVD
device 108 may include one or more other components
and/or circuits to enable the ZVD device 108 to perform
the zero voltage detection in accordancewith the present
disclosure.
[0044] The ZVD device 108 may include the damping
circuit 120. The damping circuit 120 may be located
between an input terminal of the ZVD device 108 and
voltagedivider 114.Thedampingcircuit 120 is configured
to reduce noise in the ZVD device 108 that may be
caused by electromagnetic interference (EMI) and/or
electromagnetic noise. By reducing noise in ZVD device
108, the damping circuit 120 reduces turn-on losses by
reducing the likelihood the ZVD device 108 misses or
does not detect the zero-voltage instant due to fluctua-
tions that can occur in the ZVD device 108 as a result of
noise. In some embodiments, the comparator circuit 116
may include the damping circuit 120. In other embodi-
ments, the voltage divider 114 may include the damping
circuit 120.
[0045] In someembodiments, theZVDdevice108may
include the control system 112. The control system 112

may obtain the second set of signals, e.g., the gate
signals, from flip flop 118 and the control system 112
may control the cycling of the switching device 106 in
inverter leg 102. In some embodiments, the control sys-
tem 112 may also obtain the electrical current or voltage
measurement signal from the inverter leg 102.
[0046] FIG. 4 is a schematic diagram illustrating a non-
limitingexampleembodiment of aZVDdevice108 inFIG.
1, according to some embodiments.
[0047] The ZVD device 108 includes a damping circuit
120. The damping circuit 120 includes damping resistor
122. The damping resistor 122 reduces the noise in the
ZVD device 108 that may be caused by electromagnetic
interference. By reducing the noise in the ZVD device
108, the damping resistor 122 reduces turn-on losses by
reducing the likelihood of the ZVD device 108 missing or
not detecting the zero-voltage instant due to fluctuations
in the voltage at the ZVD device 108 as a result of such
noise. Thedamping resistor 122maybe locatedbetween
an input terminal of the ZVD device 108 and the voltage
divider 114. In some embodiments, the voltage divider
114 may include the damping resistor 122. In other
embodiments, the comparator circuit 116 may include
the damping resistor 122.
[0048] The ZVD device 108 includes the voltage divi-
der 114. The voltage divider 114 includes a resistive
divider 124 and a capacitive divider 126. The resistive
divider 124 includesoneormore resistors 128connected
in series. The capacitivedivider 126 includesoneormore
capacitors 130 connected in series. In addition, the re-
sistive divider 124 may be connected in parallel with the
capacitive divider 126, according to some embodiments.
In some embodiments, each resistor 128 in the resistive
divider124maybeconnected inparallelwitha respective
capacitor 130 in capacitive divider 126. It is to be appre-
ciated by those having ordinary skill in the art that the
specific configuration of the voltage divider 114 is not
intended to be limiting and the voltage divider 114 may
include one or more resistors 128 and one or more
capacitors 130 based on a desired operational charac-
teristics of the ZVD device 108, in accordance with the
present disclosure.
[0049] In the voltagedivider 114, thevoltageacross the
resistive divider 124 may be effectively equal to the
voltage across the capacitive divider 126 such that vol-
tage ratio between the resistive divider 124 and the
capacitive divider 126 is effectively equal. This enables
the voltage divider 114 to operate such that the resistive
divider 124 defines the second voltage during a steady
state operation, and the capacitive divider 126 defines
the second voltage during a voltage transition. In some
embodiments, the voltage ratio between the resistive
divider 124 and the capacitive divider 126 may be equal
to 1. In other embodiments, the voltage ratio between the
resistive divider 124 and the capacitive divider 126 may
effectively be equal to 1. In yet other embodiments, the
voltage ratio between the resistive divider 124 and the
capacitive divider 126 may be approximately equal to 1.
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However, the second voltage output by the voltage divi-
der 114 may not exceed the comparator maximum input
voltage, in some embodiments.
[0050] To improve noise immunity and reduce ZVD
circuit losses, the resistive divider 124 and the capacitive
divider 126 may each be configured to include high
impedance values. The voltage divider 114 may be con-
figured such that the resistive divider 124 includes a large
total equivalent resistance and the capacitive divider 126
includes a low capacitance, according to some embodi-
ments. Additionally, to minimize/reduce the effects of
parasitic capacitance on the voltage divider 114, the total
capacitance of capacitive divider 126 may be configured
to be greater than the parasitic capacitance in the voltage
divider 114 and the ZVD device 108.
[0051] The ZVD device 108 includes the comparator
circuit 116. The comparator circuit 116 compares the
second voltage to a first voltage threshold and a second
voltage threshold and outputs a respective ZVDsignal as
a result of the comparison. In some embodiments, the
comparator circuit 116 may compare the second voltage
to a first voltage threshold and outputs a first ZVD signal
based on the comparison. In addition, in some embodi-
ments, the comparator circuit 116 may compare the
second voltage to a second voltage threshold and out-
puts a second ZVD signal based on the comparison. In
some embodiments, the first set of signals includes the
first ZVD signal and the second ZVD signal. In some
embodiments, the comparator circuit 116 may be a high-
speed comparator. In other embodiments, the compara-
tor circuit 116 may be an ultra-fast comparator.
[0052] The comparator circuit 116 may include com-
parator 132 and comparator 134, according to some
embodiments. The comparator 132, e.g., first compara-
tor, outputs the first ZVD signal based on the comparison
of the second voltage to the first voltage threshold by
comparator 132. For example, in some embodiments,
comparator 132 outputs a value of 1 when the second
voltage is greater than the first voltage threshold and
comparator 132 outputs a value of 0 when the second
voltage is less than the first voltage threshold. The com-
parator 134, e.g., second comparator, outputs the sec-
ond ZVD signal based on the comparison of the second
voltage to the second voltage threshold by comparator
134. For example, in some embodiments, comparator
134 outputs a value of 1 when the second voltage thresh-
old is greater than the second voltage and comparator
134 outputs a value of 0 when the second voltage thresh-
old is less than the second voltage.
[0053] In the ZVD device 108, the first voltage thresh-
old and the second voltage threshold may be set at the
comparator circuit 116 using a low supply voltage 136. In
someembodiments, the lowsupply voltage 136maybea
12 V supply voltage. In addition, the comparator circuit
116 may include a second resistive divider 138, accord-
ing tosomeembodiments,whichenables thecomparator
circuit 116 to generate the first voltage threshold and
second voltage threshold from the low supply voltage

136. The lowsupply voltage 136 and the second resistive
divider 138 may be configured to set the first voltage
threshold and the second voltage threshold at compara-
tor circuit 116 that may account for the time delay caused
by scaling down the voltage from inverter leg 102 to the
second voltage, and which is an estimation of the ex-
pected zero-voltage instant at inverter leg 102. In some
embodiments, the one or more voltage thresholds may
be based on the voltage at the low supply voltage 136. In
other embodiments, the one or more voltage thresholds
may also be based on the resistance at the second
resistive divider 138.
[0054] In addition, the first voltage threshold and sec-
ond voltage threshold correspond to optimal voltage
thresholds configured to trigger the switching device
106 to cycle on based on the second voltage relative
to the first voltage threshold and second voltage thresh-
old tominimize the turn-on lossesby theZVDdevice 108.
In some embodiments, the control system 112 may de-
termine the first voltage threshold and the secondvoltage
thresholdat theZVDdevice108andmaybebasedon the
time delay from the voltage divider 114 scaling down the
voltage measured at the inverter leg 102 and the corre-
sponding switching device 106. It is to be appreciated by
those having ordinary skill in the art that the voltage of the
low supply voltage 136 is not intended to be limiting and
the voltage of the low supply voltage 136 may be more
than or less than 12 V.
[0055] The one or more voltage thresholds at the ZVD
device 108 compensates for a time delay caused as a
result of scaling down the first voltage from inverter leg
102 to the second voltage. If the ZVD device 108 were to
output the second set of signals, e.g., gate signals, as a
result of the second voltage being at or near the expected
zero-voltage instant, theactual voltageat inverter leg102
will have passed the zero-volt instant by the time the ZVD
device 108outputs the second set of signals to trigger the
switching device 106 to turn on, thereby causing turn-on
losses at the respective switching device 106. For ex-
ample, the ZVD device 108 sending the second set of
signals based on the expected voltage threshold may
cause the switching device 106 to cycle on after the zero-
voltage instant. To account for the time delay introduced
as a result of scaling down the voltage to the second
voltage, the ZVD device 108 utilizes the one or more
voltage thresholds to estimate one or more voltage
thresholds, which thereby enables the ZVD device 108
to output the signals to trigger the switching device 106 to
turn on/off at optimal voltages.
[0056] The flip flop circuit 118 may be in electrical
connection with the comparator circuit 116. The flip flop
circuit 118 obtains the first set of signals from the com-
parator circuit 116 and outputs the second set of signals
to the control system 112 and/or to the respective ZVD
device 108. The flip flop circuit 118may include logic gate
device 140 and logic gate device 142. The flip flop circuit
118 may include one or more different types of gate
devices including, but not limited to, AND gates, NAND
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gates,ORgates,NORgates,XORgates, other logic gate
devices, or any combinations thereof. In some embodi-
ments, logic gate device 140 and logic gate device 142
may each be NOR gates. It is to be appreciated by those
having ordinary skill in the art that the flip flop circuit 118,
logic gate device 140, logic gate device 142, and/or other
components of the ZVD device 108 may include one or
more gate devices, each gate device being any of a
plurality of different typesof logic gate devices, andwhich
may be arranged in any of a plurality of configurations to
enable the ZVD device 108 to perform the ZVD opera-
tions in accordance with the present disclosure.
[0057] As shown in FIG. 4, the output of comparator
132 is connected to an input of logic gate device 140, and
the output of comparator 134 is connected to an input of
logic gate device 142. In addition, the output of compara-
tor 132andcomparator 134maybeconnected toan input
of the other of the comparator 132 and comparator 134.
Further, the output of comparator 132 outputs the second
set of signals to control the cycling of the ZVD device 108
to turn on and off based on the voltage of the inverter leg
102 approaching the optimal voltage threshold, and
which corresponds to the value of the second voltage
relative to the first voltage threshold of comparator 132
and relative to the second voltage threshold of compara-
tor 134.
[0058] Additionally, the output provided by logic gate
device 140 based on the first set of signals controls the
switching of the respective switching device 106. For
example, the second voltage being greater than the first
voltage threshold and the second voltage threshold
causes comparator 132 to output a value of 1 to logic
gatedevice140andcomparator134 tooutputavalueof0
to the logic gate device 142, thereby causing the flip flop
118 to output a gate control signal having a value of 1 and
which causes the switching device 106 to cycle ON. In
another example, the second voltage being less than the
first voltage threshold and the second voltage threshold
causes comparator 132 tooutput a value of 0 to logic gate
device 140 and comparator 134 to output a value of 1 to
logic gate device 142, thereby causing the comparator
132 at the flip flop circuit 118 to output a second signal or
second set of signals having a value of 0 and which
causes the switching device 106 to cycle OFF. It is to
be appreciated by those having ordinary skill in the art
that the specific configuration of the flip flop 118 is not
intended to be limiting and the ZVD device 108 may
include any of a plurality of other components capable
of controlling a gate signal output from the ZVD device
108 as a result of comparing the second voltage from
voltage divider 114 to theoneormore voltage thresholds,
in accordance with the present disclosure.
[0059] Thesystem100and/or theZVDdevice108may
include the control system 112. The control system 112
performs one or more operations in accordance with the
present disclosure, and which may include obtaining the
second set of signals from the flip flop circuit 118 of the
ZVDdevice 108, and, basedon the second set of signals,

controlling the switching operations of the switching de-
vice 106 as a result of the zero-volt detection by the ZVD
device 108. In some embodiments, the ZVD device 108
may include the control system 112. In other embodi-
ments, the control system 112 may be in electrical con-
nection with the inverter leg 102 and/or the ZVD device
108 formonitoring oneormoreparameters of the inverter
leg 102 and/or the ZVD device 108. In yet other embodi-
ments, the inverter leg 102 may include therein the con-
trol system 112.
[0060] The control system 112 may be configured to
obtain thegate control signals output by the flip flopcircuit
118 and the control system 112 may control the cycling
operation of the switching devices 106, according to
some embodiments. In some embodiments, the control
system112may be in electrically communicable connec-
tion with ZVD device 108 a and ZVD device 108 b, as
shown in FIG. 1, and the control system 112 may send
obtain the second set of signals corresponding to gate
control signals fromZVDdevice 108aand/or ZVDdevice
108 b, and the control system112may control the switch-
ing device 106 a or the switching device 106 b, respec-
tively, based on the obtained signals from the corre-
sponding ZVD device 108. In other embodiments, the
system 100 may include a control system 112 a (not
shown) in connection with the ZVD device 108 a and
that can control the cycling of switching device 106 a to
turn on/off based on the signals obtained from ZVD
device 108 a, and the system 100 may include a second
control system 112 b (not shown) in connection with ZVD
device 108 b and that can control the cycling of switching
device 106 b to turn on/off based on the signals obtained
from ZVD device 108 b.
[0061] The control system 112 may be configured to
control an operation of the ZVD device 108 including the
timing of the ZVD device 108. In some embodiments, the
control system 112may control the ZVD device 108 such
that the flip flop circuit 118 may obtain the ZVD signals
from the comparator circuit 116 corresponding to a turn-
on gate signal within a defined time window. In some
embodiments, the control system 112may be configured
to detect the first ZVD signal and/or the second ZVD
signal (e.g., value of 1) from the comparator circuit 116
within the defined time window. If the control system 112
does not detect the first ZVD signal and the second ZVD
signal (e.g., value of 1) within the defined time window,
the control system 112 may force the corresponding
switching device 106 to cycle on or off so that the opera-
tionof thesoft-switching inverter leg102 isnot interrupted
as a result of missed turn-ons.
[0062] The timewindowmaybedefined tobeginduring
the period of the voltage transition of the first voltage to
the second voltage to ensure that the gate control signal
to theswitchingdevice106 is sent at a low turn-onvoltage
and to tolerate missed zero crossings. In some embodi-
ments, the timewindowmaybedefined tobeginwhen the
first voltage starts to transition to the second voltage at
the voltage divider 114 and to end before the first voltage
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reaches too high a value in its natural oscillation. In other
embodiments, the timewindowmay be defined to start at
an end of a time period defining a boosting time to charge
the one or more capacitors of the L-C resonant circuit
104.
[0063] The control system 112 may trigger the cycling
of the switching device 106 during the defined time
window. If the ZVD device 108 does not detect the
zero-voltage crossing at the end of the time window,
the control system112may, in some embodiments, force
theswitchingdevice106 to turnonso that theoperationof
the inverter leg 102 is not interrupted due to missing the
zero-crossing and failing to turn on the switching device
106.Additionally, since thedefined timewindowendsat a
low device voltage, the turn-on losses at the inverter leg
102 may be limited.
[0064] FIG. 5 illustrates a graphical representation 200
of anoperation of theZVDdevice 108, according to some
embodiments.
[0065] The voltage 150 represents a first voltagemea-
sured at switching device 106 on inverter leg 102 and
obtained byZVDdevice 108. The voltage 152 represents
asecondvoltagebasedon thevoltagedivider 114scaling
down the voltage 150at theZVDdevice 108. As shown in
FIG. 5, there is a delay, Δt, between voltage 150 and
voltage 152 corresponding to the delay induced as a
result of the scaling down the first voltage to the second
voltage. For example, the delay from scaling down the
voltage 150 to voltage 152 may be 45 ns. The time delay
is a result of the ZVD device 108 scaling down the first
voltage 150 to the second voltage 152 to reduce noise in
the ZVD device 108. In some embodiments, the voltage
divider 114 may also scale down the first voltage 150 to
the second voltage 152 such that the second voltage 152
does not exceed the comparator circuit 116 maximum
voltage, thereby reducing a likelihood of the second
voltage causing damage to the comparator circuit 116.
[0066] To avoid having a voltage incompatibility be-
tween the resistive divider 124 and the capacitive divider
126, the resistive divider 124 voltage ratio Nr and the
capacitive divider 126 voltage ratioNc should be equal or
substantially equal (e.g., voltage ratio of 1), such that N =
Nr = Nc = R2/(R1+R2) = C1/(C1+C2) (where R1 is equiva-
lent resistance 124a, R2 is equivalent resistance 124b,
C1 is equivalent resistance 130a, C2 is equivalent re-
sistance 130b). This combined voltage divider 114works
such that the resistive divider 124 defines the second
voltage 152 in steady state, and the capacitive divider
126 defines the second voltage 152 during voltage tran-
sitions.
[0067] In FIG. 5, threshold 154 is an optimized thresh-
old value corresponding to the second voltage threshold,
Vth-, as shown in FIG. 4. By implementing optimized
threshold voltages, the switching device 106 may be
cycled on/off according to a timing which accounts for
the time delay induced by the ZVD device 108, rather
than the switching device 106 being cycled on/off when
the voltage reachesanexpected zero-voltage,which can

lead to missed zero-voltage instances and turn-on
losses.
[0068] TheZVDdevice 108 and comparator circuit 116
sends the first set of signals (e.g., ZVD signals) indicative
of an estimation the first voltage is approaching the zero-
voltage instant and which accounts for the time delay
caused by the voltage divider 114. The first set of signals
is configured toenable the flip flopcircuit 118 to trigger the
switching device 106 to cycle on/off based on a compar-
ison of the second voltage 152 relative to the one ormore
voltage thresholds, e.g., the second voltage 152 relative
to the first and second voltage thresholds.
[0069] Thecontrol system112maydefine the valuesof
the one or more voltage thresholds. In some embodi-
ments, thecontrol system112maydefine theoneormore
voltage thresholds based on the expected voltage
threshold. In someembodiments, the first voltage thresh-
old may be an upper expected voltage threshold value
and the second voltage threshold value may be a lower
expected voltage threshold value. In other embodiments,
the first voltage threshold may be a threshold during a
positive phase of the input voltage and the second vol-
tage threshold may be a threshold during a negative
phase of the input voltage. In yet other embodiments,
the first voltage threshold may be a threshold during a
negative phase of the input voltage and the second
voltage threshold may be a threshold during a positive
phase of the input voltage. As the input voltage ap-
proaches the zero-voltage instant during each of the
respective positive and negative phase, the ZVD device
108 may cause the flip flop circuit 118 to output the gate
control signals to the switching device 106 to trigger the
switching device 106 to cycle on/off based on the second
voltage relative to the one or more voltage thresholds. In
the example embodiment shown in FIG. 4, Rt1 and Rt2
define the first voltage threshold (for Vth+) and Rt3 and
Rt4 define the second voltage threshold (for Vth‑).
[0070] FIG. 6 illustrates a second graphical represen-
tation 300 of a non-limiting example of the system 100
that facilitates the zero voltage detection, according to
some embodiments.
[0071] A transition from switching device 106 a to
switching device 106 b at the inverter leg 102 is graphi-
cally illustrated, where PWM1 and PWM2 correspond to
original PWM signals of inverter leg 102, Dce1 corre-
sponds to the output signal from ZVD device 108 a and
Dce2 corresponds to the output signal from ZVD device
108 b, e.g., signal ZV_H output by flip flop circuit 118 as
shown in FIG. 4. G1 corresponds to gate control signals
to switchingdevice 106a,G2 corresponds to gate control
signals to switching device 106 b, Ga1 corresponds to
PWM gate signals to switching device 110 a, and Ga2
corresponds toPWMgatesignals toswitchingdevice110
b. Additionally, T_w1 corresponds to the deadtime be-
tween PWM1 and PWM2, T_bst1 corresponds to the
boosting time to build current in resonant inductor 182
previous to the voltage transition, Tw2corresponds to the
waiting time window for the gate signals to cycle on
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switching device 106 b before the control system 112
forces turn on of switching device 106 b to reduce turn-on
losses, and Tw3 corresponds to the waiting time to allow
switching device 110 a to turn-off.
[0072] Referring toFIG.6, theswitchingdevice106b is
forced on using gate control signal G2 at an end of time
windowT_w2. TimewindowT_w2 starts in transition and
ends before the voltage at switching device 106 b
reaches too high an oscillation. The switching device
106 b is triggered to turn on at the end of T_w2. If the
ZVD device 108 misses the zero-crossing and does not
turn on switching device 106 b by the end of T_w2, the
ZVD device 108 and/or control system 112 forces the
switching device 106 b to turn on such that the operation
of the inverter leg 102 is not interrupted, according to
some embodiments. Additionally, as T _w2 is defined to
end at a low voltage, the turn-on losses are thereby
limited. In some embodiments, the ZVD device 108
maydefine the timewindowsduring the voltage transition
to ensure low turn-on voltage and to enable the ZVD
device 108 to limit turn-on losses. In other embodiments,
the control system 112 may define the time windows
during the voltage transition.
[0073] FIG. 7 illustrates a flow diagram of a method
400, according to some embodiments.
[0074] At402, themethod400 includesobtaininga first
voltage applied to a switching device 106 as input. In
addition, the ZVD device 108 may be in electrical con-
nection with the inverter leg 102 and/or the switching
device 106. In some embodiments, the ZVD device 108
maybe inelectrical connectionwith the inverter leg102at
a cathode of the switching device 106. In some embodi-
ments, the ZVD device 108 may also control a cycling
operation of the switching device 106 based on the
measured first voltage.
[0075] In some embodiments, the method 400 in-
cludes damping the first voltage to reduce EMI and
electromagnetic noise in the ZVD device 108 and to
reduce turn-on losses at the ZVD device. In some em-
bodiments, the ZVD device 108 may obtain the first
voltage from the inverter leg 102 and may damp the
voltage to reduce EMI and noise in the first voltage. In
some embodiments, the ZVD device may include damp-
ing circuit 120, the damping circuit 120 including a damp-
ing resistor 122 to reduce the EMI and electromagnetic
noise in the first voltage. In some embodiments, the
damping circuit 120may be located between the inverter
leg 102 and the voltage divider 114. The damping circuit
120 damps the first voltage before passing through the
voltage divider 114 in the ZVD device 108.
[0076] At 404, the method 400 includes scaling down
the first voltage to a second voltagewithin a time delay. In
someembodiments, theZVDdevice 108may include the
voltage divider 114. In addition, the voltage divider 114
may include a resistive divider 124. The resistive divider
124 may include one or more resistors 128 connected in
serieswith theother resistors128. Inotherembodiments,
the voltage divider 114 may also include a capacitive

divider 126. The capacitive divider 126 may include one
ormore capacitors 130 connected in serieswith the other
capacitors 130. In some embodiments, the voltage divi-
der 114 may include a resistive divider 124 connected in
parallel with a capacitive divider 126, where the one or
more resistors 128 are connected in series, the one or
more capacitors 130 are connected in series, and each
resistor 128 is connected in parallel to a capacitor 130 of
the one or more capacitors 130.
[0077] Scaling down the first voltage to the second
voltage may further include outputting, by the voltage
divider 114, a second voltage having a voltage ratio that
may be substantially equal to 1 such that parasitic capa-
citances in the ZVD device 108 may be reduced. More-
over, the capacitive divider 126 may be configured such
that the capacitance is higher than any parasitic capaci-
tance at the ZVD device 108 and/or the voltage divider
114. In someembodiments, scaling down the first voltage
to the second voltage by the voltage divider 114 further
includes outputting the second voltage so as not to ex-
ceed a maximum voltage tolerance of the comparator
116.
[0078] At 406, themethod 400 includes comparing the
second voltage to one or more voltage thresholds and
generating a first set of signals (ZVD signals) as output
indicativeof anestimationof thefirst voltageapproaching
a zero-voltage instant. The estimation is based on com-
paring the second voltage relative to the one or more
voltage thresholds. In some embodiments, comparing
the second voltage tooneormore voltage thresholdsand
generating a first set of signals as output includes com-
paring the second voltage to a first voltage threshold and
generating a first signal as output, and comparing the
second voltage to a second voltage threshold and gen-
erating a second signal as output, the one or more
voltage thresholds including the first voltage threshold
and the second voltage threshold, and the second set of
signals output by the ZVD device being determined
based on the first signal and the second signal.
[0079] In someembodiments, theZVDdevice includes
a comparator 116 such as, for example, comparator
circuit 116 as shown in FIG. 4, that compares the second
voltage to the one or more voltage thresholds. In some
embodiments, the comparatormay include a comparator
132 that compares the second voltage to the first voltage
threshold and generates the first signal as output and
may include a comparator 134 that compares the second
voltage to the second voltage threshold and generates
the second signal as output. In some embodiments, the
method 400 may include determining the first voltage
threshold and the second voltage threshold based on a
low-level input voltage 136, wherein the first voltage
threshold and second voltage threshold are set based
on the low supply voltage 136 and are configured to
account for the time delay introduced by the voltage
divider 114 scaling down the first voltage to the second
voltage, such that the ZVD device 108 reduces turn-on
losses at the switching device 106.
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[0080] Basedon thecomparison, eachof thecompara-
tor 132 and the comparator 134 outputs the first set of
signals (e.g., ZVD signals) corresponding to a true, e.g.,
1, or false, e.g., 0, value based on the respective com-
parisons. For example, the comparator 132 outputs a
value of 1 and comparator 134 outputs a value of 0
indicating the second voltage is greater than the first
voltage threshold and second voltage threshold. In an-
other example, as the first voltage approaches zero, the
second voltage may fall below the first voltage threshold
and the second voltage threshold, and comparator 132
outputs a value of 0 and comparator 134 outputs a value
of 1, the first set of signals output of the comparator circuit
116 thereby indicating the first voltage is approaching the
zero-voltage instant based on the second voltage.
[0081] The values of the one or more voltage thresh-
olds may correspond to optimized voltage thresholds
determined based on an expected voltage threshold
value for when the first voltage is expected to reach
the zero-voltage instant while simultaneously compen-
sating for the time delay induced from scaling down the
voltage. In some embodiments, comparing the second
voltage to the one or more voltage thresholds further
includes determining the one or more voltage threshold
values to compensate for the time delay caused as a
result of the voltage divider 114 scaling down the first
voltage to the second voltage. In someembodiments, the
optimizedvoltage thresholdsmaybeapre-definedvalue.
In other embodiments, the control system112maydefine
the one or more voltage thresholds based on the ex-
pectedvoltage threshold. Inotherembodiments, theZVD
device 108 may be configured with the one or more
voltage thresholds as input such that the ZVD device
108 triggers the switchingdevice106 to cycle on/offwhen
the second voltage reaches the one or more voltage
thresholds rather than the expected zero-volt instant.
[0082] At 408, the method 400 includes generating a
second set of signals as output to cycle the switching
device106on/offbasedon the first set of signals. In some
embodiments, the second set of signals may be gate
control signals to cause the switching device 106 to cycle
on/off based on the first set of signals and based on the
first voltage approaching the zero-volt instant. For ex-
ample, in some embodiments, the second set of signals
may be a turn-on signal to cycle on the switching device
106 based on the first voltage approaching the zero-
voltage instant.
[0083] In someembodiments, theZVDdevice108may
include a flip flop circuit 118 such as, for example, flip flop
circuit 118as shown in FIG. 4. The flip flop circuit 118may
include logic gate device 140 and logic gate device 142.
Moreover, the flip flop circuit 118maybe connected to the
output of the comparator circuit 116 to obtain the first set
of signals as input. In some embodiments, the output of
comparator 132 may be connected to the logic gate
device 140 as input, and the output of the comparator
134 may be connected to the logic gate device 142 as
input. Moreover, the output of the logic gate device 140

corresponds to the output of the ZVD device 108 and the
output of the logic gate device 140 may also be con-
nected to the input of the logic gate device 142, while the
output of the logic gate device 142 is connected to the
input of the logic gate device 140.
[0084] The flip flop circuit 118 obtains the first set of
signals from the comparator circuit 116 and provides the
second set of signal as output based on the inputs,
according to someembodiments. In someembodiments,
the logic gate device 140 obtains a first ZVD signal from
the comparator 132and the logic gate device 142obtains
a second ZVD signal from the comparator 134 and the
method 400 includes the logic gate device 140 outputting
the second set of signals (e.g., gate signals) to cycle the
switching device 106 on/off. In some embodiments, the
flip flop 118 may be a S-R flip flop circuit which turns the
switching device 106 on/off based on the ZVD signals
obtained as input from the comparator 116, in some
embodiments.
[0085] In some embodiments, generating the second
set of signals as output to cycle the switching device 106
on/off based on the first set of signals further includes
obtaining, by logic gate device 140, the first signal as
input and obtaining, by logic gate device 142, the second
signal as input, and generating the second set of signals
as output based on the first signal and second signal.
Additionally, in some embodiments, generating the sec-
ond set of signals further includes obtaining the second
set of signals as output from logic gate device 140 and
controlling a cycling of the switching device 106 on/off
based on the second set of signals.
[0086] In some embodiments, generating the second
set of signals includes the logic gate device 140providing
as output a first gate control signal to cycle switching
device 106 froma first state to a second state in response
to the second voltage being greater than the first voltage
threshold and second voltage threshold, and providing a
secondgatesignal asoutput to cycle theswitchingdevice
106 from the second state to the first state in response to
the second voltage being less than the first voltage
threshold and second voltage threshold. In some embo-
diments, the second voltage being less than the first
voltage threshold and the second voltage threshold
may cause the ZVD device 108 to output a second set
of signals that causes the switching device 106 to cycle
on, and the second voltage being greater than the first
voltage threshold and the second voltage threshold may
cause the ZVD device 108 to output a second set of
signals that causes the switching device 106 to cycle
off. In other embodiments, the second voltage being
greater than the first voltage threshold and the second
voltage threshold may cause the ZVD device 108 to
output a second set of signals that causes the switching
device to cycle on, and the second voltage being less
than the first voltage threshold and the second voltage
threshold may cause the ZVD device 108 to output a
second set of signals that causes the switching device
106 to cycle off.
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[0087] At 410, the method 400 includes forcing the
switchingdevice106 to turnon if thesecondset of signals
is not detected at an end of a defined time window to limit
turn-on losses. In some embodiments, the method 400
may include defining the time window for when the sec-
ond set of signals to cycle on the switching device 106 is
configured to be detected from the ZVD device 108. In
this regard, in some embodiments, the method 400 may
include cycling, by control system 112, the switching
device 106 to cycle on if the second set of signals con-
figured to turn-on theswitchingdevice106 is not detected
by the end of the defined time window to limit turn-on
losses and to enable the inverter leg 102 to continue
operating without interruption.
[0088] All prior patents and publications referenced
herein are incorporated by reference in their entireties.
[0089] Throughout the specification and claims, the
following terms take the meanings explicitly associated
herein, unless the context clearly dictates otherwise. The
phrases "in one embodiment," "in an embodiment," and
"in some embodiments" as used herein do not necessa-
rily refer to the same embodiment(s), though it may.
Furthermore, the phrases "in another embodiment"
and "in some other embodiments" as used herein do
not necessarily refer to a different embodiment, although
it may. All embodiments of the disclosure are intended to
be combinable without departing from the scope or spirit
of the disclosure.
[0090] As used herein, the term "based on" is not
exclusive and allows for being based on additional fac-
tors not described, unless the context clearly dictates
otherwise. In addition, throughout the specification, the
meaning of "a," "an," and "the" include plural references.
The meaning of "in" includes "in" and "on."
[0091] As used herein, the term "between" does not
necessarily require being disposed directly next to other
elements. Generally, this term means a configuration
where something is sandwiched by two or more other
things. At the same time, the term "between" can de-
scribe something that is directly next to two opposing
things. Accordingly, in any one or more of the embodi-
ments disclosed herein, a particular structural compo-
nent being disposed between two other structural ele-
ments can be:

disposed directly between both of the two other
structural elements such that the particular structural
component is in direct contact with both of the two
other structural elements;
disposed directly next to only one of the two other
structural elements such that the particular structural
component is in direct contact with only one of the
two other structural elements;
disposed indirectly next to only one of the two other
structural elements such that the particular structural
component is not indirect contactwithonly oneof the
two other structural elements, and there is another
element which juxtaposes the particular structural

component and the one of the two other structural
elements;
disposed indirectly between both of the two other
structural elements such that the particular structural
component is not indirect contactwithbothof the two
other structural elements, and other features can be
disposed therebetween; or

any combination(s) thereof.
[0092] As used herein "embedded" means that a first
material is distributed throughout a second material.

ASPECTS

[0093] Various Aspects are described below. It is to be
understood that any oneormore of the features recited in
the following Aspect(s) can be combined with any one or
more other Aspect(s).
[0094] Aspect 1. A device for performing zero voltage
detection (ZVD) comprising:
a voltage divider, wherein the voltage divider is config-
ured to scale down a first voltage to a second voltage; a
comparator, wherein the comparator compares the sec-
ond voltage to one or more voltage thresholds and out-
puts a first set of signals indicative of an estimation of the
first voltage approaching a zero-voltage instant, the one
ormore voltage thresholds configured to compensate for
a time delay from the voltage divider; a flip flop, wherein
the flip flop is configured to obtain the first set of signals
and output a second set of signals to control a switching
operation of a switching device; and a control system,
wherein the control system is configured to obtain the
second set of signals during a defined time window, and
the control system forces the switching device to turn on
at an end of the defined time window if the second set of
signals is not detected to limit turn-on losses.
[0095] Aspect 2. The device according to aspect 1,
wherein the voltage divider comprises: a resistive divider
comprising: one or more resistors connected in series,
and a capacitive divider comprising: one or more capa-
citors connected in series, wherein each capacitor of the
one or more capacitors is connected in parallel to each
resistor of the one or more resistors.
[0096] Aspect 3. The device according to aspect 2,
wherein the resistive divider defines the second voltage
during a steady-state operation, and wherein the capa-
citive divider defines the second voltage during a voltage
transition,whereinavoltage ratioof the resistivedivider is
substantially equal to the voltage ratio of the capacitive
divider.
[0097] Aspect 4. The device according to any of the
preceding aspects, further comprising: a damping resis-
tor, wherein the damping resistor is configured to reduce
electromagnetic noise at the device to reduce turn-on
losses.
[0098] Aspect 5. The device according to any of the
preceding aspects, wherein the one or more voltage
thresholds comprises: a first voltage threshold, and a
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second voltage threshold.
[0099] Aspect 6. The device according to aspect 5,
wherein the comparator comprises: a first comparator,
wherein the first comparator generates a first signal as
output based on a comparison between the second
voltage and the first voltage threshold, and a second
comparator, wherein the second comparator generates
a second signal as output based on a comparison be-
tween the second voltageand the second voltage thresh-
old, wherein the first set of signals comprises the first
signal and the second signal and is representative of an
estimation of the zero-volt instant.
[0100] Aspect 7. The device according to any of the
preceding aspects, wherein the flip flop comprises: a first
logic gate device, and a second logic gate device, where-
in the output of the first logic gate device and the second
logic gate device is connected to an input of the other of
the first logic gate device and the second logic gate
device.
[0101] Aspect 8. The device according to any of the
preceding aspects, wherein the control system obtains
the second set of signals and controls the cycling of the
switching device on/off.
[0102] Aspect 9. The device according to any of the
preceding aspects, wherein the first set of signals is
immune to electrical noise in the second voltage.
[0103] Aspect 10. A system comprising: one or more
switching devices; a ZVD device associated with each
switching device comprising: a voltage divider compris-
ing: a resistive divider comprising: one or more resistors
connected in series, and a capacitive divider comprising:
one or more capacitors connected in series, wherein the
voltage divider scales down a first voltage to a second
voltage, a comparator, wherein the comparator com-
pares the second voltage to one or more voltage thresh-
olds determined based on an expected zero-voltage
instant and the comparator outputs a first set of signals
indicative of an estimation of the second voltage ap-
proaching a zero-voltage instant to compensate for a
time delay from the voltage divider; and a flip flop, where-
in the flip flop obtains the first set of signals and outputs a
second set of signals to control a switching operation of
the corresponding switching device; and a control sys-
tem, wherein the control system is configured to obtain
the second set of signals during a defined time window,
and the control system forces the switching device to turn
on at an end of the defined time window if the second set
of signal is not detected to limit turn-on losses.
[0104] Aspect 11. The system according to aspect 10,
further comprising: a damping resistor, wherein the
damping resistor is configured to reduceelectromagnetic
noise at the device to reduce turn-on losses.
[0105] Aspect 12. The system according to aspects 10
or 11, wherein each capacitor of the one or more capa-
citors is connected inparallel toeach resistor of theoneor
more resistors, wherein the resistive divider defines the
second voltage during a steady-state operation and the
capacitive divider defines the second voltage during a

voltage transition, and a voltage ratio of the resistive
divider is substantially equal to the voltage ratio of the
capacitive divider.
[0106] Aspect 13. Thesystemaccording to aspects10,
11, or 12, wherein the comparator comprises: a first
comparator, wherein the first comparator compares the
second voltage to a first voltage threshold and generates
a first ZVD signal as output representative of an estima-
tion of the zero-voltage instant of the second voltage, and
a second comparator, wherein the second comparator
compares the second voltage toasecond voltage thresh-
old and generates a second ZVD signal as output repre-
sentative of the estimation of the zero-voltage instant of
the second voltage, wherein the one or more voltage
thresholds comprises the first voltage threshold and the
second voltage threshold.
[0107] Aspect 14. Thesystemaccording to aspects10,
11, 12, or 13, wherein the flip flop comprises: a first logic
gate device, a second logic gate device, and wherein the
output of the first logic gate device and the second logic
gatedevice is connected toan inputof theotherof thefirst
logic gate device and the second logic gate device as
inputs, wherein the second set of signals is configured to
cycle the switching device on/off based on the first set of
signals.
[0108] Aspect 15. Thesystemaccording to aspects10,
11, 12, 13, or 14, wherein the control system obtains the
second set of signals and controls the cycling of the
switching device on/off.
[0109] Aspect 16. Thesystemaccording to aspects10,
11, 12, 13, 14, or 15, wherein the first set of signals is
immune to electrical noise in the second voltage.
[0110] Aspect 17. A method comprising: obtaining, by
a zero voltage detection (ZVD) device, a first voltage
applied to a switching device as input; scaling down,
by the ZVD device, the first voltage to a second voltage
within a time delay; comparing, by the ZVD device, the
second voltage to one or more voltage thresholds and
generating a first set of signals as output indicative of an
estimation of the first voltage approaching a zero-volt
instant; generating, by the ZVD device, a second set of
signals as output to cycle the switching device on/off
based on the first set of signals; and forcing, by the
ZVD device, the switching device to turn on if the second
set of signals is not detected at an end of a defined time
window to limit turn-on losses; wherein the one or more
voltage thresholds are configured to compensate for the
time delay.
[0111] Aspect 18. The method according to aspect 17,
further comprising: damping, by the ZVD device, the first
voltage to reduce electromagnetic noise in the first vol-
tage and to reduce turn-on losses at the ZVD device.
[0112] Aspect 19. Themethod according to aspects 17
or 18, wherein comparing the second voltage to the one
or more voltage thresholds and generating the first set of
signals as output further comprises: comparing, by a first
comparator, the second voltage to a first voltage thresh-
old and generating a first signal as output, comparing, by
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a second comparator, the second voltage to a second
voltage threshold and generating a second signal as
output, and wherein the one or more voltage thresholds
comprises the first voltage threshold and the second
voltage threshold, wherein the second set of signals
output by the ZVD device is based on the first signal
and the second signal.
[0113] Aspect 20. Themethod according to aspect 19,
wherein generating the second set of signals as output to
cycle the switching device on/off based on the first set of
signals further comprises: obtaining, at a first logic gate
device, the first signal as input, obtaining, at a second
logic gate device, the second signal as input, and obtain-
ing, by a control system, the second set of signals as
output from the first logic gate device and controlling a
cycling of the switching device on/off based on the sec-
ondset of signals,wherein theoutput of the first logic gate
device further comprises the other input to the second
logic gate device, and the output of the second logic gate
device comprises the other input to the first logic gate
device.
[0114] It is tobeunderstood that changesmaybemade
in detail, especially in matters of the construction materi-
als employed and the shape, size, and arrangement of
parts without departing from the scope of the present
disclosure. This Specification and the embodiments de-
scribedare examples,with the true scope and spirit of the
disclosure being indicated by the claims that follow.

Claims

1. Adevice for performing zero voltagedetection (ZVD)
comprising:

a voltage divider,
wherein thevoltagedivider is configured toscale
down a first voltage to a second voltage;
a comparator,
wherein the comparator compares the second
voltage to one or more voltage thresholds and
outputs a first set of signals indicative of an
estimation of the first voltage approaching a
zero-voltage instant, the one or more voltage
thresholds configured to compensate for a time
delay from the voltage divider;
a flip flop,
wherein the flip flop is configured to obtain the
first set of signals and output a second set of
signals to control a switching operation of a
switching device; and
a control system,
wherein the control system is configured to ob-
tain the second set of signals during a defined
time window, and the control system forces the
switching device to turn on at an end of the
defined time window if the second set of signals
is not detected to limit turn-on losses.

2. The device according to claim 1, wherein the voltage
divider comprises:

a resistive divider comprising:
one or more resistors connected in series, and
a capacitive divider comprising:
one or more capacitors connected in series,
wherein each capacitor of the one or more ca-
pacitors is connected in parallel to each resistor
of the one or more resistors.

3. The device according to claim 2, wherein the resis-
tive divider defines the second voltage during a
steady-state operation,

wherein the capacitive divider defines the sec-
ond voltage during a voltage transition, and
wherein a voltage ratio of the resistive divider is
substantially equal to the voltage ratio of the
capacitive divider.

4. Thedevice according to oneof the preceding claims,
further comprising:
a damping resistor,
wherein the damping resistor is configured to reduce
electromagnetic noise at the device to reduce turn-
on losses.

5. Thedevice according to oneof the preceding claims,
wherein the one or more voltage thresholds com-
prises:

a first voltage threshold, and
a second voltage threshold.

6. The device according to claim 5, wherein the com-
parator comprises:

a first comparator,
wherein the first comparator generates a first
signal as output based on a comparison be-
tween the second voltage and the first voltage
threshold, and
a second comparator,
wherein the second comparator generates a
second signal as output based on a comparison
between the second voltage and the second
voltage threshold,
wherein the first set of signals comprises the first
signal and the second signal and is representa-
tive of an estimation of the zero-voltage instant.

7. Thedevice according to oneof the preceding claims,
wherein the flip flop comprises:

a first logic gate device, and
a second logic gate device,
wherein an output of the first logic gate device
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and the output of the second logic gate device is
each connected to an input of the other of the
first logic gate device and the second logic gate
device, respectively.

8. Thedevice according to oneof the preceding claims,
wherein the control systemobtains the second set of
signals and controls cycling the switching device
on/off.

9. Thedevice according to oneof the preceding claims,
wherein the first set of signals is immune to electrical
noise in the second voltage.

10. A system comprising:

one or more switching devices;
one or more ZVD devices, each ZVD device
associatedwith a switching device and compris-
ing:

a voltage divider comprising:

a resistive divider comprising:

one or more resistors connected in
series, and

a capacitive divider comprising:

one or more capacitors connected
in series,

wherein the voltage divider scales
down a first voltage to a second vol-
tage,

a comparator,
wherein the comparator compares the sec-
ond voltage to one or more voltage thresh-
olds determined based on an expected
zero-voltage instant and the comparator
outputs a first set of signals indicative of
an estimation of the second voltage ap-
proaching a zero-voltage instant to com-
pensate for a time delay from the voltage
divider; and
a flip flop,
wherein the flip flop obtains the first set of
signals and outputs a second set of signals
to control a switching operation of the
switching device; and

a control system,
wherein the control system is configured to ob-
tain the second set of signals during a defined
time window, and the control system forces the
switching device to turn on at an end of the

defined time window if the second set of signals
is not detected to limit turn-on losses.

11. The system according to claim 10, further compris-
ing:
a damping resistor,
wherein the damping resistor is configured to reduce
electromagnetic noise at the ZVD device to reduce
turn-on losses.

12. The system according to claim 10 or 11, wherein
each capacitor of the one or more capacitors is
connected in parallel to each resistor of the one or
more resistors,
wherein the resistive divider defines the second
voltage during a steady-state operation and the ca-
pacitive divider defines the second voltage during a
voltage transition, and a voltage ratio of the resistive
divider is substantially equal to thevoltage ratioof the
capacitive divider.

13. The system according to one of claims 10 to 12,
wherein the comparator comprises:

a first comparator,
wherein the first comparator compares the sec-
ond voltage to a first voltage threshold and gen-
erates a first ZVD signal as output representa-
tive of an estimation of the zero-voltage instant
of the second voltage, and
a second comparator,
wherein the second comparator compares the
second voltage to a second voltage threshold
and generates a second ZVD signal as output
representative of the estimation of the zero-vol-
tage instant of the second voltage,
wherein the one or more voltage thresholds
comprises the first voltage threshold and the
second voltage threshold.

14. The system according to one of claims 10 to 13,
wherein the flip flop comprises:

a first logic gate device,
a second logic gate device, and
wherein the output of the first logic gate device
and the second logic gate device is connected to
an input of the other of the first logic gate device
and the second logic gate device as inputs,
wherein the second set of signals is configured
to cycle the switching device on/off based on the
first set of signals.

15. The system according to one of claims 10 to 14,
wherein the control system obtains the second set
of signals and controls cycling the switching device
on/off.
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16. The system according to one of claims 10 to 15,
wherein the first set of signals is immune to electrical
noise in the second voltage.

17. A method comprising:

obtaining, by a zero voltage detection (ZVD)
device, a first voltage applied to a switching
device as input;
scaling down, by the ZVD device, the first vol-
tage to a second voltage within a time delay;
comparing, by the ZVD device, the second vol-
tage to one or more voltage thresholds and
generating a first set of signals as output indi-
cative of an estimation of the first voltage ap-
proaching a zero-volt instant;
generating, by the ZVD device, a second set of
signals as output to cycle the switching device
on/off based on the first set of signals; and
forcing, by the ZVD device, the switching device
to turn on if the second set of signals is not
detected at an end of a defined time window
to limit turn-on losses;
wherein the one or more voltage thresholds are
configured to compensate for the time delay.

18. The method according to claim 17, further compris-
ing:
damping, by the ZVD device, the first voltage to
reduce electromagnetic noise in the first voltage
and to reduce turn-on losses at the ZVD device.

19. The method according to claim 17 or 18, wherein
comparing the second voltage to the one or more
voltage thresholds and generating the first set of
signals as output further comprises:

comparing, by a first comparator, the second
voltage to a first voltage threshold and generat-
ing a first signal as output,
comparing, by a second comparator, the second
voltage to a second voltage threshold and gen-
erating a second signal as output, and
wherein the one or more voltage thresholds
comprises the first voltage threshold and the
second voltage threshold,
wherein the second set of signals output by the
ZVD device is based on the first signal and the
second signal.

20. The method according to claim 19, wherein gener-
ating the second set of signals as output to cycle the
switching device on/off based on the first set of
signals further comprises:

obtaining, at a first logic gate device, the first
signal as input, obtaining, at a second logic gate
device, the second signal as input, and

obtaining, by a control system, the second set of
signals as output from the first logic gate device
and controlling a cycling of the switching device
on/off based on the second set of signals,
wherein the output of the first logic gate device
further comprises the other input to the second
logic gate device, and the output of the second
logic gate device comprises the other input to
the first logic gate device.
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